Background We investigated early tumor shrinkage (ETS) and depth of response (DpR) using data from the G-SOX study comparing S-1 plus oxaliplatin with S-1 plus cisplatin as the first-line treatment for advanced gastric cancer (AGC). Methods ETS was determined as % decrease in the sum of the longest diameters of the target lesions at the first evaluation of week 6 compared to baseline. DpR was the maximum % shrinkage during the study treatment. The impact of ETS (cutoff value 20%) and DpR (continuous value) on progression-free survival (PFS) and overall survival (OS) were assessed by the log-rank test and Cox regression analysis including prognostic factors obtained in the G-SOX study; ECOG performance status, baseline sum of tumor diameters, disease status (recurrent/unresectable), and histology (diffuse/intestinal). Results Among 685 patients enrolled in the G-SOX study, 632 patients who had the first tumor evaluation were analyzed. Patients with ETS ≥ 20% had longer PFS (median 4.5 vs. 2.8 months, p < 0.0001) and OS (median 14.8 vs. 10.5 months, p < 0.0001) than those with ETS < 20%. Adjusted hazard ratios of ETS < 20 vs. ≥ 20% were 0.606 (95% confidence interval (CI) 0.506-0.725) for PFS and 0.589 (95% CI 0.492-0.704) for OS. DpR was also significantly associated with PFS and OS (both p < 0.0001). These results were similar between the SOX and CS groups. Conclusions In AGC patients receiving the first-line therapy, ETS and DpR might be predictors for PFS and OS.
Introduction
One of the goals of chemotherapy for advanced gastric cancer (AGC) is to reduce the tumor size expecting amelioration of tumor-related symptoms and survival prolongation.
In the recent years, several retrospective studies [1] [2] [3] [4] [5] and one prospective study [6] have shown that early tumor shrinkage (ETS), defined as a % decrease in the sum of the longest diameters of the target lesions at the first evaluation (usually week 6 or 8), is a good predictor of the long-term outcomes of the first-line treatment for metastatic colorectal cancer (mCRC). In most of these reports, ETS of 20% was used to classify as responders or non-responders [2] [3] [4] [5] [6] . ETS is considered as an on-treatment marker that reflects tumor sensitivity to anticancer therapy [2, 7, 8] and thus could be a useful clinical decision-making tool. In addition, depth of response (DpR) defined as the maximum tumor shrinkage of individual patient during the treatment has been reported to be associated with survival in mCRC patients [5, 6] .
Unlike mCRC, there are a small number of studies assessing ETS or DpR in AGC [9] [10] [11] . Although those reports suggested that ETS was a significant predictor of the long-term outcomes in patients who received the combination therapy with trastuzumab against human epidermal growth factor receptor 2 (HER2), the association between ETS and treatment outcomes of the platform regimen, fluoropyrimidine plus platinum, is not known.
The phase III G-SOX study has demonstrated noninferiority of combination therapy with S-1 plus oxaliplatin (SOX) to cisplatin plus S-1 (CS) in the first-line treatment for AGC with regard to progression-free survival (PFS) and overall survival (OS) [12] . In this present study, we reviewed the G-SOX data to determine whether ETS and DpR are associated with the long-term outcomes in AGC patients.
Patients and methods

G-SOX study
The G-SOX study was a prospective, open-label, multicenter, randomized phase III clinical trial conducted at 51 centers in Japan. Between January 2010 and October 2011, 685 chemotherapy-naïve AGC patients with at least one measurable lesion at baseline were randomly assigned at a 1:1 ratio to receive first-line SOX or CS therapy, as reported previously [12] . Treatment was continued until disease progression, unacceptable toxicity, or patient's withdrawal. Tumors were monitored with computed tomography (CT) at baseline and every 6 weeks after randomization until the start of second-line therapy. All images were assessed by an independent review committee according to the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.0 [13] . The G-SOX study was conducted in compliance with the Declaration of Helsinki and the Good Clinical Practice (GCP) guidelines, and the study protocol was approved by the ethical committee of each institution.
Statistical analysis
Patients with no CT scan data at week 6 were excluded from the full analysis set of the G-SOX study. All other patients were analyzed in the present study. ETS was assessed as the relative tumor reduction (%) in the sum of the longest diameters of the target lesions at week 6 compared to the baseline. DpR was defined as the maximum tumor shrinkage (%) observed throughout the treatment.
We compared baseline characteristics between two treatment groups by Fisher's exact test. Differences in response measurements were also compared. To validate combining two treatment groups for subsequent analyses, waterfall plots were created for each treatment group at the maximum shrinkage point. The time from randomization to maximum shrinkage was also calculated.
The landmark approach was used to avoid guarantee-time bias [14] , and the first CT scan was set as the landmark point for ETS. PFS was defined as the time from the landmark point until disease progression or death from any cause (whichever was earlier). OS was defined as the time from the landmark point until death from any cause. Subpopulation treatment effect pattern plot (STEPP) analysis was performed to explore the interaction between treatment effects and ETS. A sliding-window approach (window size of 150 with an overlap between adjacent windows of 100 cases) was employed for the analysis [15, 16] . We adopted the cutoff value of 20% for ETS recommended in various reports for mCRC [2] [3] [4] [5] [6] . Baseline characteristics were compared using Fisher's exact test between the patients who achieved ETS and patients who did not. PFS and OS curves were estimated by the Kaplan-Meier method for patients who achieved ETS ≥ 20% and patients who did not, and were compared by the log-rank test, respectively (≥ 20 vs. < 20%). To evaluate the impact of ETS or DpR on PFS and OS, hazard ratios (HRs) and their 95% confidence intervals (CIs) were determined by multivariate Cox regression analysis. The multivariate analysis employed four prognostic factors [Eastern Cooperative Oncology Group performance status (ECOG PS; 1, 2 vs. 0), total tumor diameter before the treatment (≥ median vs. < median), disease status (recurrent vs. unresectable), and tumor histology (diffuse vs. intestinal)] that were reported to influence OS in the G-SOX study [12] , along with the treatment (CS vs. SOX) and ETS or DpR.
To evaluate the predictive accuracy of ETS or DpR for PFS and OS, time-dependent receiver operating characteristics (ROC) analysis was performed to calculate the time-dependent concordance index (Cτ) [17] , with which its 95% CI was calculated by the bootstrap method using 1000 samples, and as a reference, optimal cutoff values of ETS and DpR: the point on the ROC curve that was closest to the point at both sensitivity and specificity = 1 (point of maximum sensitivity and specificity) were obtained [18] .
Statistical significance level was set at p < 0.05 (twosided). Due to the exploratory nature of this study, adjustment for multiplicity was not done during these analyses. All statistical analyses were performed by SAS version 9.4 (SAS Institute, Cary, NC, USA).
Results
Patients
G-SOX study enrolled a total of 685 patients. Of 685 randomized patients, twenty-two patients were not included in the full analysis set (9 did not receive the allocated treatment, 3 had a major GCP violation, and 10 did not meet the inclusion or exclusion criteria). Thirty-one patients with no tumor diameter data at the first tumor evaluation were also excluded, and remaining 632 patients (313 in the SOX group and 319 in the CS group) were included in the present study.
Validity of combining two treatment groups
Baseline characteristics were well balanced between the two treatment arms (Table 1) . Median ETS was 23.5% in the SOX group and 22.7% in the CS group (Table 2) . ETS ≥ 20% was achieved in 58.1% of the SOX group and 55.8% of the CS group. The STEPP analysis showed that PFS rates at 4 months and OS rates at 12 months were similar between SOX and CS groups (Fig. 1a, c) , and HRs of PFS and OS were near 1.0 for each subpopulation (Fig. 1b, d) , where the horizontal axis represents median ETS of the patient subpopulations. The results of the analysis indicated that both SOX and CS have similar treatment effects across the value of ETS with respect to PFS and OS, suggesting that there was no interaction between treatment effects and ETS. Median DpR was 38.2% in the SOX group and 37.8% in the CS group (Table 2) , and the distributions of tumor shrinkage were very similar between treatment arms (Fig. 2) . The median time to maximum tumor shrinkage was 121 days in the SOX group and 120 days in the CS group. These data mentioned above indicated that ETS and DpR were very similar between SOX and CS groups, and could be analyzed together.
Impact of ETS and DpR on survival
Baseline characteristics between the patients with ETS ≥ 20% and ETS < 20% were similar, with the exception of a higher proportion of the patients who had primary tumor in the ETS ≥ 20% patients (Table 3) . Comparing the patients who achieved ETS ≥ 20% to those with ETS < 20%, PFS was significantly longer in the former group (4.5 vs. 2.8 months, HR 0.659, 95% CI 0.552-0.787, p < 0.0001) and so was OS (14.8 vs. 10.5 months, HR 0.663, 95% CI 0.556-0.791, p < 0.0001) (Fig. 3) . No significant interactions between the treatment arms and ETS were seen for PFS (p = 0.231) and OS (p = 0.382).
In multivariate Cox regression analyses (Table 4) , ETS was significantly associated with PFS and OS irrespective of whether it was treated as a continuous or binary variable (cutoff value of 20%). DpR was also significantly associated with PFS and OS. Optimal cutoff values of ETS and DpR for predicting the long-term outcomes were calculated on the basis of the median PFS and OS (4.14 and 12.78 months after the landmark point, respectively) by ROC analysis in all patients. The optimal ETS cutoff values to dichotomize the study population for predicting the prognosis were 19.9% for PFS and 20.0% for OS. The optimal DpR cutoff values were 36.7% for PFS and 40.0% for OS.
Predictive accuracy and optimal cutoff values of ETS and DpR
ETS (continuous variable) and
Discussion
The present study revealed that ETS at week 6 and DpR were significantly associated with survival outcomes in patients receiving combination chemotherapy with S-1 plus a platinum agent as the first-line treatment for AGC. When adjusted with the treatment effect and prognostic factors, the risks of progression and death reduced by approximately 40% in patients with ETS ≥ 20%, compared to those in patients with ETS < 20%. ETS can be obtained at a specified early time point after the start of treatment, while the time reaching the maximum shrinkage is longer and unpredictable. On this point, ETS is more useful than DpR as an on-treatment marker for predicting prognoses. Several reports have demonstrated the correlation between ETS and survival in mCRC patients receiving chemotherapy with or without molecular-targeted agents, such as anti-EGFR monoclonal antibodies (cetuximab and panitumumab) and anti-VEGF monoclonal antibody (bevacizumab) [7] . The present study was based on the data of G-SOX study comparing SOX and CS without moleculartargeted agents. Trastuzumab was not approved for AGC in Japan when the G-SOX study was planned, and the HER2 status of the patients was not investigated. Our results indicated that ETS was applicable for survival prediction in AGC patients receiving the first-line chemotherapy without a molecular-targeted agent.
It is important to set an optimal cutoff value for appropriately classifying patients as responders and non-responders. The cutoff value for dichotomizing a patient population has been reported to depend on the regimen used for treatment [4, 6, 7] . In the present study, we used 20% cutoff value for ETS based on the findings reported in mCRC studies [2] [3] [4] [5] [6] . By ROC analysis, we assured 20% ETS as the optimal cutoff value for predicting PFS and OS in AGC patients treated with first-line chemotherapy with S-1 plus either cisplatin or oxaliplatin.
In the absence of pretreatment predictors of response, a regular evaluation of tumor shrinkage is usually performed on the basis of the RECIST and used for the decision-making of treatment continuation and prediction of prognosis. In the RECIST, 30% tumor shrinkage is a cutoff value for responder and non-responder [13] . The time point reaching the cutoff is not defined. Although we did not analyze the relationship between ETS and RECIST responders, ETS at week 6 seemed to be simple and easy to use for treating physicians.
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